Abstract. The penetration of distributed generation (DG) in distribution power system would affect traditional fault current level and characteristics. Consequently, the traditional protection arrangements developed in distribution utilities are difficult in coordination. Also, the reclosing scheme would be affected. With the rapid developments in distribution system automation and communication technology, the protection coordination and reclosing scheme based on information exchange for distribution power system can be realized flexibly. This paper proposes a multi-agent based scheme for fault diagnosis in power distribution networks with distributed generators.
Introduction
In recent years, the deployment of the Smart Grid concept implies major changes in the operation and planning of distribution systems, particularly in Low Voltage networks. The traditional power systems which are based on large fossil fuel fired power generation plants, long distance transmission lines are changing. A large number of distributed generation including wind turbines, PV generators together with Combined Heat and Power plants are being integrated into power systems at distribution level. The majority of small scale Distributed Energy Resources (DER)-Electric Vehicles, microgeneration units, energy storage devices and flexible loads-is connected to LV networks, requiring local control solutions to mitigate technical problems resulting from its integration. Simultaneously, LV DER can be aggregated in small cells in order to globally provide new functionalities to system operators. Within the SG paradigm, the ADN concept has been pointed out as a solution to extend and decentralize the distribution network monitoring and control capability. ADN is a highly flexible, active and controllable LV cell, incorporating microgeneration units based on Renewable Energy Sources or low carbon technologies for combined heat and power applications, energy storage devices and loads. The coordination of MG local resources, achieved through an appropriated network of controllers and communication system, endows the LV system with sufficient autonomy to operate interconnected to the upstream network or autonomously emergency operation [1] . Based on the analysis of ADN for electric power systems, this paper introduces the relevant concept and technology, analyses the fault location and reconstruction of ADN in the energy field. 
Fault Location
Owing to the DG different installation location and capacity of the system voltage distribution, system voltage stabilization has different degrees of impact. Its location and constant volume method become the focus of the planning study. Optimized configuration of literature [2] of DG held in-depth summary, the objective function mainly includes the economic costs, network loss or cost, energy loss, quality of power supply reliability and DG benefit maximum, DG access amount and the cost benefit. In addition, literature [3] introduced the voltage improvement, network decrease loss and environmental benefits of DG multi-objective optimal allocation model. Literature [4] introduced the perspective of voltage stability of the proposed method to improve the voltage stability of optimal allocation. Literature [5] introduced the viewpoint of maximum resources of DG, exploration of multitype DG configuration and operation scheduling method. As a result, DG configuration planning of power supply and environmental benefits become a hot issue in the study of planning. The interconnection of power distribution automation environment and the method of distribution network reliability evaluation research has huge potentials for growth. So it still needs a large number of research work. Distribution network power supply reliability research work mainly includes two aspects, statistical analysis of reliability index and the forecast of the power supply reliability evaluation. In order to make accurately assess distribution network more reliable, it still needs all kinds of random phenomena, such as climate change and equipment aging situation into account. Aiming at the emergence of DG in distribution network, it brings lots of random problems, literature [6] introduced the method of DG distribution system reliability evaluation. Literature [7] introduced the probability of active distribution network reliability evaluation model. It puts rapid assessment of the intelligent distribution network power supply reliability. Literature [8] improves the traditional fault partition method, considering the active power distribution network with flexible network fault reconfiguration ability, DG output and load randomness. This paper introduced a fast and reliability evaluation algorithm. It is suitable for the intelligent distribution network. The advantages and disadvantages of distribution terminal configuration scheme have important influence on the power supply reliability of distribution network and distribution network investment levels. Switch configuration optimization research work has solved the problem of switch line segmentation and the process of transformation for the ring net switch positioning problem. As a result, the research work of power distribution switch configuration optimization is usually based on objective function, economy reliability, fault simulation method of genetic algorithm, and the dynamic programming method of power systems to the optimal solution. Modification and switches are determined by the optimal number of distribution terminal configuration and the optimal position. The "two remote terminal" and "three remote" bring the problem of the optimal allocation of the terminal. The present researches remain some questions.
Some scholars prospose the perspective of input-output ratio and the reliability of distribution terminal planning. Such as the reliability of the power distribution automation system of planning and design principles [9] , but it did not consider the influencing factors of distribution terminal configuration. Others prospose the using of genetic algorithm to establish objective function. It has minimum comprehensive investment, but "0-1" program will destroy the distribution of mobile terminals installed point [10] .
Reconstruction
Power supply recovery is more than a constraint of the distribution network and multi-objective nonlinear optimization problems. The solar and wind power output has characteristics of intermittent and volatility, and the user load usually change. The establishment of dynamic probability model of random variable carries on the probabilistic power flow calculation [11] . Currently, there are two mainstream methods, the monte carlo simulation method and half invariant method.
The advantage of variable method calculation method is that it simple and high computational efficient. Nevertheless, also, validation considering only one DG technology type is presented [12] . In this work, an analytical methodology based on the minimum fault reactance concept combined with the Fibonacci search method to estimate the FL in distribution networks in presence of multiple DER types is presented [13] .The approach removes potential correlation between search step and accuracy of the fault reactance method. Still, the DER impact is considered using synchronized current phasors provided by Intelligent Electronic Devices located in each DER unit terminal. Additionally, a ladder-based technique is proposed and used to estimate the fault current contribution from each DER type [14] . Still, in contrast from other works, where synchronized voltage and current phasors at terminals of each DGs are required, the proposed method only requires the synchronized current phasors measured at each DER terminal. Aiming to show the main contributions of the proposed methodology. On such table, main aspects considered by FL state-of-the-art methods and proposed methodology are highlighted [15] .Recent studies have exposed that widespread adoption of Distributed Energy Resources in power distribution networks can play a key role in generating clean and reliable energy with substantial environmental benefits. DER comprises several Distributed Generation and energy storage technologies [16] .The integration of DER and their simultaneous operation with controllable loads and storage equipment are new challenges that distribution utilities must address. Supervision, monitoring and management of electrical networks with auto-regeneration features become more complex under this new scenario. Fault location (FL) is a most important task for fast maintenance and restoration of the electricity supply. However, despite recent distribution systems automation technology deployment and society's higher power quality expectations, still distribution networks FL is inefficient, requiring a great amount of time and money. Recently several analytical methodologies based on different mathematical formulations for distribution systems FL have been proposed. One of the most accepted techniques are the impedance-based approaches. Some of these proposed methods for distribution systems have presented excellent results, which can be easily implemented on power distribution networks with low capitol cost [17] .However, as a drawback, some features, such as potential presence of DER, have not yet been addressed. More recently, analytical methodologies that consider the DG impact on FL have been presented. DG impact is considered through a synchronous machine approximate model. Reported results are encouraging, however, formulation derivation is made considering distribution networks in presence of only synchronous machine based DG. Therefore, all other DG technologies are not considered. Additionally, in [18] , proposed methods consider operating scenarios with only one DG unit connected in the system. Different methodologies to consider DG impact on distribution networks FL are formulated using synchronized current and voltage phasors provided by digital fault recorders and GPS. These approaches assume that measurement devices located at distributed power sources are available. However, validation is made considering only one single synchronous machine based DG unit connected. One interesting approach is proposed in. This work presents a method that uses remote measurements at each DG unit and is formulated considering multiple DG units connection. Nevertheless, also, validation considering only one DG technology type is presented. The proposed analytical methodology is based on the minimum fault reactance concept.
The core idea of this approach is that, for each analyzed line section, a random value for the fault distance estimate is supposed. Considering this and using circuit analysis derived equations, which are presented in the following, one can estimate the fault reactance. The assumed fault distance value is then systematic varied, from local bus to the line length section. For each assumed fault distance, a fault reactance is estimated. This procedure is repeated on all system lines. Considering that most line faults have resistive nature, the chosen fault location is the one that generates the smaller fault reactance estimate. Fault reactance is estimated using voltages and currents measured at substation, and DER measured currents. The fault current is estimated considering the contribution from the substation and the downstream circuit. It should be noted that the current contribution from the downstream circuit can change its value with the presence of DER. The traditional power systems, which are based on large fossil fuel fired power generation plants, long distance transmission lines and hierarchical control centers, are changing. A large number of distributed generation units including renewable energy sources such as wind turbines, PV generators, fuel cells together with Combined Heat and Power plants, are being integrated into power systems at distribution level. The penetration of DGs changes the traditional distribution power system short circuit power, fault current level and the characteristics of the fault current, such as amplitude, direction and distribution. Most distribution network protection schemes are initially designed without DGs [19] . The nature of distribution network can be radial or meshed. Traditionally, radial networks are protected using coordinated overcurrent relays whereas meshed networks are protected using directional overcurrent relays. To deal with the problem of protection of distributed networks with the penetration of DGs, distribution utilities impose interconnected regulations. Immediate tripping of DGs is recommended also if a power island is created. That is why protection schemes, which are capable of immediate identifying and isolating faults after their occurrence, are required. This paper proposes a multi-agent based protection scheme to classify and locate the fault in a distribution network with DG. The proposed technique aims to locate and isolate a faulty section in a distribution system with DGs. It is based on entropy calculation of wavelet coefficients of the three phase current signals. This method uses only current signals measured by relay agents at the boundaries of the network sections to identify the type of fault if it is a three line to ground (3LG), single line to ground (LG), double line to ground (DLG) or a line to line (LL) fault. It also determines the phases included in fault and the bus or line at which the fault occurred. The performance of the proposed algorithm is investigated through the simulation of a benchmark MV distribution system and part of the 66 kV network if Alexandria. The results proved the effectiveness of the proposed protection scheme under different conditions of fault type, fault location and fault resistance.
Development Trends
The distribution power system automation techniques have been widely adopted and the infrastructure of communication has been developed. The protection schemes based on microprocessors with communication capabilities are utilized, so that the status of the relays and breakers can be obtained from the distribution power system supervisory control and data acquisition system, which can serve as an information exchange platform. The relay agents exchange data between each other through a telecommunication network. The proposed algorithm, based on the information collected by different relay agents, was able to classify and then locate the fault such that the faulted area can be correctly isolated. Simulation carried out using the CIGRE MV benchmark system and the practical system of Alexandria showed that the proposed protection scheme is capable of classifying and locating the fault under different fault conditions, for radial and meshed networks [20] .
Conclusions
The development of the ADN concept is the pathway for assuring high reliability, control and management requirements in future electric power distribution systems. The Smart Grid can be defined as an electricity network supported by an intelligent infrastructure, both hardware and software, capable of accommodating high shares of Distributed Energy Resources. Within this line, a Smart Grid laboratorial infrastructure was developed, being dedicated to advanced research and demonstration activities. The adopted laboratorial architecture was developed according to the Microgrid concept, where Electric Vehicles are regarded as active and flexible players.
